Cerebral arteriovenous malformations (AVMs) are a type of vascular anomaly consisting of large intertwined vascular growth (Nidus) that is prone to serious hemorrhaging and can result in patient death if left untreated. Intervention through surgical clipping of feeding and draining vessels to the Nidus is a common treatment. However, identification of which vessels to clip is challenging even to experienced surgeons aided by conventional image guidance systems. The lumped modeling for the Cerebral Arteriovenous Malformation (CAVM) hemodynamic analysis is of high importance in clinical world. As part of the treatment planning for CAVM, it is difficult for doctors to assess the NIDUS part, which may get rupture while inserting catheter. In this paper, we have proposed a non-invasive method for assessing the hemodynamic condition of AVM. The measurement of flow and pressure without intervention along the vessel is a big challenge due to occlusion, bending and thinning of the vessel in Arteriovenous Malformation patients. In this paper, we analyzed a lumped model for the vascular malformation using various imaging multi-modalities that help to analyze CAVM Structures.
Introduction
Cerebral Arteriovenous Malformation (CAVM) is an abnormal tangle of brain blood vessels where arteries shunt directly into veins with no intervening capillary bed which causes high pressure and hemorrhage risk. Intracranial Arteriovenous malformations (AVM) constitute usually congenital vascular anomalies of the brain. AVMs are composed of complex connections between the arteries and veins that lack an intervening capillary bed. A brain modeling of the Hemodynamics with physical properties of Cerebral AVM is important in understanding the dynamics of pressure flow relationships and implications of alterations in these properties with respect to pressure monitoring, logical approach to therapy and treatment.
The aim of this work is to compare the modeling analysis and modeling outputs using the different modalitiesDigital Subtraction Angiogram (DSA), 3D-Rotational Angiogram (3D-RA), CT Angiogram (CTA), and MR Angiogram (MRA). The clinical outputs such as the pressure, flow rate, velocity of the blood flow at various vessel locations are determined by using the Lumped models. The input parameters are used for the simulations that are inferred from Modality. In the present work, we have compared the modeling approach for the Vessels complexity with data from 2D & 3D acquisition.
In the literature analysis, the modeling is based on the fluid dynamics of the vessel. It has some drawbacks on the analysis using various signals. In the lumped modeling, the analysis which was based on the electrical circuit analogy using WindKessel models was used to provide a computationally simple way to obtain information about the overall behavior of the Neurovascular system. The authors had proposed electrical parameters and derived a number of lumped models for blood flow and pressure * Corresponding author.
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Y. K. KUMAR ET AL. 24 variances in the Cerebral Arteries Windkessel and the lumped parameter models were used to simulate pressure and blood flow in the arterial system. In these models, electric potential and current are analogous to the average pressure and flow rate, respectively. A particular vessel (or group of vessels) is described by means of its impedance, which is represented by an appropriate combination of resistors, capacitors and inductors. Figure 1 shows the complexity of CAVM that indicates the complex anatomy of the Vessel [1,2].
Methodology
The proposed methodology is common for different modalities that acquired for the Brain AVM patients using Philips Unit. The following steps are applied to any volume image:
1) Input data is MR angiogram (MRA) and Digital Subtraction Angiogram (DSA). The steps involved for both modalities looks similar, but only the network creation using lumped model varies with respect to radius and length.
2) Preprocessing of input image is performed using the preprocessed algorithm-smoothing, sharpness factor and enhancement filters for better visualization of the input dataset. The Figure 2 shows the preprocessed image used for the analysis.
3) The vessel region is analyzed by drawing 3D ROI at different locations of vessel and in different frames of the volume. 3D ROI is implemented using the Philips Prosperity algorithm to draw and automatically propagated to all the slices, by applying interpolation technique. The ROI analysis segmentation is based on the seed point with specific threshold based segmentation to analyze particular region of vessel. This analysis helps to segment different locations of vessels of different frame positions for various modalities. 4) For each segmented vessel, the diameter, length is calculated for each part of the vessel branch. We have analyzed based on the shape descriptor algorithm to extract exact shape of the vessel and calculated the required vascular parameters needed for the lumped modeling. The Figure 3 shows the ROI analysis and vascular parameters for the modeling [3] .
5) The lumped model is based on the Windkessel model. These lumped models can be derived from electrical circuit analogies where current represents arterial blood flow and voltage represents arterial pressure. Resistances represent arterial and peripheral resistance that occur as a result of viscous dissipation inside the vessels, capacitors represent volume compliance of the vessels that allows them to store large amounts of blood, and inductors represent inertia of the blood [4] .
6) The Resistance = pressure drop through the channel /flow = 8η L/π R4; l its length and µ is the fluid viscosity. 
where µ is blood viscosity, l and A are in respect length and cross section area of each arterial segment. Blood viscosity is a measure of the resistance of blood to flow, which is being deformed by either shear stress or extensional stress. This simulation has considered because blood viscosity will cause resistance against Blood flow crossing.
and ρ is blood density. 
where r, E, h are in respect artery radius, Elasticity mod-
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25 ule and thickness of arteries [5, 6] . 7) For each segmented vessel, using windkessel model, we have derived the electrical model for the symmetrical and asymmetrical network for vessel analysis. The Figure 4 , shows the example of the Vessel deformation model for the symmetrical network and asymmetrical network, where the vessel is deformed in the one part of the branch of the vessel [7, 8] .
The Figure 5 shows the vessel analysis model for the asymmetrical network, with combinations of two branches, with a node denotes the branch of each vessel.
Statistical Analysis
The statistical analysis for the lumped modeled using any modality DSA, MRA, CTA; 3D-RA is based on the Segmentation, ROI analysis as shown in Figure 6 [9] [10] [11] . The quantification is performed using the statistical package using MATLAB. For each portion of the segmented vessel, the various statistical quantifications are applied to derive various results of the segmented image.
The following are the quantification of the segmented image with ROI analysis is completed as follows:
The output Table 1 shows the example results for the drawn ROI analysis.
Results and Discussion
The implementation is done using MATLAB Software using 3D-RA dataset. The electrical model is derived for the vessel deformation with symmetric and asymmetric using clinical parameters. The clinical parameters are analyzed and converted in to electrical parameters which help to create a WindKessel model using R, L, C values. The RLC values and its combinations are modified based on the type of network and also type of vessel deformation. This leads to symmetrical network vessel deformation and asymmetrical vessel deformation.
This model is simulated and validated with clinical results and with mechanical outputs. The mechanical simulation is performed using ANSYS software. The effect of vessel deformation shows the clinical significance on the pressure and flow rate variation of the blood flow in AVM patients. Simulations were also performed using the phantoms and also using 2D-DSA images that are varying length with networks of symmetric and asymmetrical. In these simulations for various values of diameters are used to simulate the actual clinical scenario.
The results shows that for MRA image, the ROI analysis gives clear indication of the proper segmentation, which will be used for clinical diagnosis. The ROI analysis is based on the preprocessed algorithm, which determines the modeling accuracy of the input image. 
Conclusion
In this paper, we have proposed a neurovascular vessel analysis for the multimodality dataset of 2D and 3D and simulated the vascular parameters using the model. This model research work is in progress to target more combinations of data sets to make it more common across all modalities. This work is based on Lumped Model and it 
